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(57) ABSTRACT 

A method of managing memory mapped input output opera 
tions to an alternate address space comprising: executing a 
?rst instruction directed to a ?rst memory mapped input 
output alternate address space of a machine associated With 
a ?rst adapter to allocate a resource associated With the ?rst 
adapter to a process in accordance With a de?nition of a 
Z/Architecture; Wherein a selected process issues at least one 
of a load and a store instruction executed in a problem state 

(73) Assigneej INTERNATIONAL BUSINESS of the machine to a selected address location of a selected 
MACHINES CORPORATION, resource. The method further includes ensuring that the 
ARMONK, NY (US) selected resource corresponds With the allocated resource 

and determining that the selected process corresponds With 
(21) Appl. No.: 10/723,506 the process to Which the resource is allocated. 
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MEMORY MAPPED INPUT/OUTPUT EMULATION 

FIELD OF THE INVENTION 

[0001] This invention is related to Memory Mapped Input/ 
Output (MMIO) and the interfaces in the Z/Architecture. 

BACKGROUND OF THE INVENTION 

[0002] Memory-Mapped 1/0 is a Well-knoWn mechanism 
used by many processors, such as Intel® processors and 
PoWer PC® processors, among others, to access Input 
Output (I/O) devices. Through this mechanism, I/O device 
controls are mapped into a range of Well-knoWn addresses. 
Dynamic address translation mechanisms along With trans 
lation lookaside buffers (TLB) are implemented in hardWare 
to provide the mapping. I/O devices are accessed through 
regular load and store instructions by specifying addresses 
that correspond to I/O device controls. 

[0003] ZSeries® machines are based on the Z/Architec 
ture®. The Z/Architecture® and its predecessors have tra 
ditionally used 1/0 channels to access I/O device controls 
and are not con?gured to directly support the memory 
mapped I/O paradigm. pSeries® and iSeries® machines are 
based on the PowerPC@ processor Which uses the memory 
mapped I/O paradigm. 

[0004] The In?niBandTM architecture de?nes an Input 
Output (I/O) netWorking standard that provides Zero pro 
cessor-copy data transfers, i.e., With no kernel involvement, 
betWeen its I/O and Inter-Process Communication (IPC) 
clients, and uses hardWare to provide highly reliable, fault 
tolerant communications. Interfaces that conform to the 
In?niBandTM architecture standard may exhibit preferred 
capabilities and Wide industry acceptance. 

[0005] Therefore, What is needed in the art in order to 
provide greater interoperability With industry standard I/O 
devices, for the Z/Series® architecture, is support for In?ni 
BandTM in the Z/Architecture®. 

BRIEF SUMMARY OF AN EXEMPLARY 
EMBODIMENT 

[0006] The shortcomings of the prior art are overcome and 
additional advantages are provided through the provision in 
an exemplary embodiment of a method of managing 
memory mapped input output operations to an alternate 
address space comprising: executing a ?rst instruction 
directed to a ?rst memory mapped input output alternate 
address space of a machine associated With a ?rst adapter to 
allocate a resource associated With the ?rst adapter to a 
process in accordance With a de?nition of a Z/Architecture; 
Wherein a selected process issues at least one of a load and 
a store instruction executed in a problem state of the 
machine to a selected address location of a selected resource. 
The method further includes ensuring that the selected 
resource corresponds With the allocated resource and deter 
mining that the selected process corresponds With the pro 
cess to Which the resource is allocated. 

[0007] Also disclosed herein in another exemplary 
embodiment is a system for managing memory mapped 
input output operations to an alternate address space com 
prising: a means for executing a ?rst instruction directed to 
a ?rst memory mapped input output alternate address space 
of a machine associated With a ?rst adapter to allocate a 

May 26, 2005 

resource associated With the ?rst adapter to a process in 
accordance With a de?nition of a Z/Architecture; Wherein a 
selected process issues at least one of a load and a store 
instruction executed in a problem state of the machine to a 
selected address location of a selected resource. The system 
also includes a means for ensuring that the selected resource 
corresponds With the allocated resource and a means for 
determining that the selected process corresponds With the 
process to Which the source is allocated. 

[0008] Further disclosed herein in yet another exemplary 
embodiment is a storage medium encoded With a machine 
readable computer program code, the code including 
instructions for causing a computer to implement the above 
mentioned method of managing memory mapped input 
output operations to an alternate address space. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] These and other objects and advantages of the 
present invention may be best understood by reading the 
accompanying detailed description of the exemplary 
embodiments While referring to the accompanying ?gures 
Wherein like elements are numbered alike in the several 
?gures in Which: 

[0010] FIG. 1 is a simpli?ed block diagram depicting a 
computer system for implementation of a methodology in 
accordance With an exemplary embodiment; 

[0011] FIG. 2A is a diagram depicting an illustrative 
Adapter Resource Table in accordance With an exemplary 
embodiment; 
[0012] FIG. 2B is a diagram depicting an illustrative 
Adapter Resource Table Entry in accordance With an exem 
plary embodiment; 
[0013] FIG. 2C is a diagram depicting an illustrative 
Adapter Resource Table Entry including Access Table 
Address in accordance With an exemplary embodiment; and 

[0014] FIG. 3 is a simpli?ed block diagram depicting an 
illustrative resource address translation in accordance With 
an exemplary embodiment. 

[0015] The detailed description explains the preferred 
embodiments of our invention, together With advantages and 
features, by Way of example With reference to the draWings. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

[0016] Disclosed herein in the exemplary embodiments 
are the mechanisms devised to provide and implement a 
memory-mapped input/output (I/O) paradigm in the Z/Ar 
chitecture®. In a ?rst exemplary embodiment, denoted 
Emulation of Memory-Mapped 1/0 in the Z/Architecture®, 
the base infrastructure is developed to provide memory 
mapped 1/0 in the Z/Architecture® and the authoriZation 
mechanisms used to provide isolation betWeen operating 
system (OS) images and validate resource oWnership are 
described. In another exemplary embodiment, denoted 
Memory-Mapped I/O Operations (MMIO) in the Z/Archi 
tecture®, load and store operations to the MMIO adapter 
address space, including access-rights validation, adapter 
address space access rules of precedence, and resource 
address translation are described. In yet another exemplary 
embodiment, denoted Memory-Mapped I/O VirtualiZation 
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in the Z/Architecture®, the mechanisms to allow large scale 
sharing of memory-mapped-I/O adapter resources and pro 
vide resource isolation among O/S images in a virtualiZed 
environment, e.g., ZVM® are de?ned and described. This is 
achieved through adapter virtualiZation and softWare emu 
lation of adapter resources. The approach employed pro 
vides the environment necessary to emulate memory 
mapped I/O in the Z/Architecture®. Not only does this 
mechanism provide the basis for memory-mapped I/O 
(MMIO) operations, but also the authoriZation validations 
necessary to preserve system integrity in a logical-parti 
tioned environment. That is, MMIO operations in one logi 
cal partition Will be isolated from any other MMIO activity 
in all the other partitions. 

[0017] To support the design effort for a common 
eServer® Host Channel Adapter (HCA), ZSeries® architec 
ture needs to access an eServer® Host-Channel Adapter 
using a memory-mapped I/O paradigm. A mechanism to 
emulate memory-mapped I/O operations in the Z/Architec 
ture® has been developed to support the eServer® In?ni 
BandTM Host-Channel Adapter. The mechanism provides 
memory-mapped I/O in the Z/Architecture®, and is not 
restricted to the host-channel adapter but any alternate 
address space, Which for this disclosure Will be referred to 
as an adapter. The approach employed is considered suf? 
ciently general to be used With any memory-mapped I/O 
adapter. It Will be appreciated by one skilled in the art that 
a host-channel adapter is employed for illustrative purposes 
only, any other memory-mapped I/O adapter may be 
employed. 
[0018] Emulation of MMIO 

[0019] Referring noW to FIG. 1, a simpli?ed block dia 
gram depicting computer system 10 for implementation of 
the various embodiments disclosed herein and the interac 
tion betWeen the various elements is provided. In an exem 
plary embodiment, Memory-Mapped I/O (MMIO) opera 
tions are performed on a memory-mapped I/O (MMIO) 
adapter 12. A memory-mapped I/O adapter 12 is designated 
by an adapter type (AT), Which denotes a class of MMIO 
adapter 12 such as, but not limited to, the In?niBandTM 
Host-Channel Adapter (HCA) or any other future MMIO 
adapter 12, and an adapter identi?er (AID) Which is used to 
distinguish betWeen tWo MMIO adapters of the same type. 

[0020] An MMIO adapter 12 contains a storage area 14, 
also referred to as the adapter address space and a set of 
adapter resources 16 that constitute a communication inter 
face With the adapter. In an exemplary embodiment, a 
memory-mapped-I/O-adapter address space (MMIO address 
space) 14 is a storage area located in the MMIO adapter 12, 
Which is to be accessed. In the exemplary embodiments, the 
MMIO adapter 12 is accessible through tWo neW instruc 
tions. The neW instructions, denoted LOAD MEMORY 
MAPPED I/O (LIO) and STORE MEMORY-MAPPED I/O 
(STIO) are addressed in detail at a later point herein, 
especially in the section regarding, Memory-Mapped I/O 
Operations in the Z/Architecture®. 

[0021] In an exemplary embodiment, a MMIO address 
space 14 is divided into storage areas 18 that provide 
different levels of access protection and contain control 
information associated With the adapter resources 16 de?ned 
for the MMIO adapter 12. Each storage area, comprised of 
some number of blocks, is said to have a storage-area type. 
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It Will readily be appreciated that While in an exemplary 
embodiment 4 KB blocks are employed based on commonly 
used storage granularity in the industry standard, numerous 
variations in block siZes are conceivable and possible. The 
controls in the MMIO address space 14 are organiZed in 
registers 20, Which are located at selected offsets Within the 
storage areas 18. These registers 20 contain various adapter 
controls and may in turn contain the absolute addresses of 
main storage locations. Access-ordering and storage-consis 
tency rules for an MMIO address space 14 are speci?c to an 
MMIO adapter-type 12 and are independent of the storage 
consistency rules de?ned for main storage in the Z/Archi 
tecture®. 

[0022] In an exemplary embodiment, one or more storage 
area types can be assigned to an adapter resource type (RT) 
to alloW different levels of access rights. Machine design 
determines the correspondence betWeen problem state and 
supervisor state (see Z/Architecture) vis-a-vis the privilege 
levels associated With each storage-area type. For example, 
the eServer® In?niBandTM host-channel adapter (HCA) 
supports the folloWing storage-area types in decreasing 
order of access protection: 

[0023] Super Privileged Storage Area (SPSA) 

[0024] Real Storage Area (RSA) 

[0025] Privileged Storage Area (PSA) 

[0026] User Storage Area (USA) 

[0027] Furthermore, in an exemplary embodiment, an 
adapter resource 16 is designated by a resource type (RT) 
and a resource identi?er (RID). A resource 16 of an adapter 
12 is a functional component of an adapter 12 that can be 
identi?ed and assigned to an oWning program/process. For 
example, the eServer® In?niBandTM host-channel adapter 
supports the folloWing resource types: 

[0028] Queue Pair (QP) 

[0029] Completion Queue (CQ) 

[0030] Event Queue (EQ) 

[0031] Memory Region/Window Page-Table Entry 
(MRWPTE) 

[0032] Adapter resources 16 are oWned by/allocated to 
processes. In an exemplary embodiment, a process utiliZes a 
resource-address designation (RAD) to access data associ 
ated With a selected adapter resource 16 in the MMIO 
adapter address space 14. The resource-address designation 
does not map to a main-storage address. Instead, access to 
data associated With an adapter resource 16 is given by 
equating the resource-address designation to a storage-area 
location 22 Within the MMIO address space 14. 

[0033] An adapter driver of the kernel/OS assigns process 
level access rights of adapter-storage areas 18 to a process. 
Such assignment is via the problem-state controls that are 
established during resource 16 allocation. It Will further be 
appreciated that the access rights available for an adapter 
storage area 18 are determined by the con?guration of the 
adapter 12 and are manifested in the storage area types 
provided by that adapter 12. Once a particular process is 
given access to the appropriate storage area(s) in the MMIO 
adapter address space 14, the adapter driver facilitates the 
decoding betWeen the process and the adapter-storage area. 
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The memory mapped I/O adapter 12 is designed to allow 
authorized processes to access any storage location 22 of the 
adapter-storage areas 18 assigned to a resource 16, Without 
affecting the adapter-storage areas 18 assigned to other 
resources 16. It Will be appreciated that such access is 
facilitated by the problem-state controls (PSC) established 
for an arbitrary resource at allocation time. 

[0034] In an exemplary embodiment, an adapter 12 may 
include its oWn memory caching With respect to resource 
contexts that are program accessible as adapter storage and 
are located in machine memory. It is noteWorthy to appre 
ciate that internal adapter storage of the resources 16 is 
essentially a cache Where the backing storage is in machine 
memory. This is done because all of the context contents of 
all of the resources 16 may not necessarily simultaneously ?t 
in an adapter. In other Words, an adapter 12 may not actually 
be as large as the cumulative sum of all allocated resources. 
For example, each allocable resource has some portion of its 
associated context in the adapter proper and some portion 
can be available in an associated cache of the adapter. 
HoWever, the cache can be shared by many resources of the 
adapter. The backing storage of the cache is located in 
machine storage, Which is still not directly accessible by a 
program. With the adapter 12, the adapter storage areas can 
be accessed because it is an alternate address space. Having 
a caching I/O adapter 12 enables the opportunity for the 
adapter 12 to economiZe regarding its inboard storage capac 
ity. 

[0035] OvervieW of Use 
Instructions 

of Resource-Management 

[0036] When an adapter resource 16 is needed, in an 
exemplary embodiment, the ALLOCATE ADAPTER 
RESOURCE instruction is executed specifying the 
appropriate resource type, adapter type and adapter identi 
?er. The ALLOCATE ADAPTER RESOURCE INSTRUC 
TION ?nds an available resource 16 and returns a resource 

identi?er to be used by the program for future MMIO 
load/store operations, among others. Access rights and con 
trols associated With the resource are set at allocation time. 
Modi?able access rights and controls associated With the 
resource can be altered later by executing the MODIFY 
ADAPTER RESOURCE (MAR) instruction. Once a 
resource 16 is allocated, LOAD MEMORY MAPPED I/O 
and STORE MEMORY MAPPED I/O can be used to access 
data associated With the resource 16, by specifying a stor 
age-area type (SAT) and the location of the data Within the 
adapter-storage area 18. When the resource 16 is no longer 
needed, FREE ADAPTER RESOURCE is used to 
clear resource controls in the MMIO adapter 12 and access 
rights and oWnership information kept in machine storage. 

[0037] The ALLOCATE ADAPTER RESOURCE 
(ALAR) instruction, and it’s companion FREE ADAPTER 
RESOURCE (FAR), are de?ned to be supervisor-state 
instructions in the Z/Architecture®. Therefore, the operating 
system establishes the set of resources that may be used by 
a problem-state application. HoWever, the LOAD 
MEMORY MAPPED I/O (LIO) and STORE MEMORY 
MAPPED I/O (STIO) instructions are capable of being 
executed in the problem state, as determined by controls 
associated With each individual resource 16 When it is 
allocated. This permits the application, under previously 
de?ned rules, to directly access an adapter resource 16. 
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Advantageously, due to the established rules from the allo 
cation process, the application is able to directly interface 
With the adapter 16, thereby removing signi?cant layers of 
delay often associated With accessing storage via the oper 
ating system. Instead of authoriZing each individual access 
of an adapter 12, an authoriZed “pipeline” is established for 
an application that only it can use. HoWever, because of the 
direct authoriZation, each such application is protected from 
interference With all other applications, yet Without the usual 
overhead of real-time operating-system engagement. 

[0038] The establishment of the controls used to con?ne 
an application is accomplished by the supervisor during the 
allocation process. These include the problem-state controls 
(PSC), process identi?er (PID), and PID-type For each 
individual resource 16 allocated, the PSC determines the 
storage-area 18 types that the problem-state application may 
directly access Without any intervention or assist from the 
operating system. The PID is used to distinguish a given 
problem-state application from all others in the operating 
system. Each resource 16 allocated is “tagged” With the PID 
to Which the resource 16 is allocated. During application 
execution, the PID is used by the machine to verify that a 
particular application oWns the speci?ed resource 16 it is 
attempting to access (via LIO or STIO). The PT is a means 
of supporting differing operating systems in that each oper 
ating system may have a different real address used to 
contain the PID of the currently executing application. 
Therefore, because the machine has both the PT and the PID, 
it is possible to support as many as 255 operating systems. 
A PT value of Zero disables PID checking. 

[0039] In another exemplary embodiment the previously 
speci?ed MODIFY ADAPTER RESOURCE (MAR) 
instruction and STORE ADAPTER RESOURCE (STAR) 
instruction are eliminated. In this instance, the allocation of 
resources 16 is relied upon to ensure accuracy and validity 
of an allocation, thereby removing the need to subsequently 
modify or update any information associated With a resource 
16. 

[0040] Allocation and Management of MMIO-Adapter 
Resources 

[0041] In an exemplary embodiment, access to the 
adapter-storage areas 18 is controlled in tWo Ways. The 
storage-area types (SAT) isolate the most-restricted infor 
mation, such as, but not limited to, logical-partition (LPAR) 
oWnership, up to the least-restricted user-accessible infor 
mation such as, but not limited to, user information such as 
a queue pair door bell and the like. In addition, resource 
controls and resource-oWnership information, including 
access rights to adapter-storage areas 18, are associated With 
a resource 16, to validate access to the different storage areas 
18 assigned to a resource 16. 

[0042] In an exemplary embodiment to implement MMIO, 
four privileged instructions, denoted ALLOCAT E 
ADAPTER RESOURCE (ALAR), FREE ADAPTER 
RESOURCE (FAR), MODIFY ADAPTER RESOURCE 
(MAR), and STORE ADAPTER RESOURCE (STAR), 
have been de?ned to facilitate management of the various 
adapters 12 and resources 16. 

[0043] Allocation of a resource 16 is a process that estab 
lishes several parameters associated With a resource 16. 
Some, but not necessarily all parameters are under control of 
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the program initiating a resource allocation request (i.e., 

issues the ALLOCAT E ADAPTER RESOURCE instruction). Resource controls, resource-oWnership infor 

mation, and access rights to adapter-storage areas 18 asso 
ciated With a resource 16 are communicated to the program 
in the resource-information block (RIB). The resource 
information block (RIB) contains information that charac 
teriZes an adapter resource 16. This information is speci?ed 
or otherWise established during the execution of the ALLO 
CATE ADAPTER RESOURCE instruction and is used to 
validate access to designated adapter-storage-area types 
occupied by the resource 16 When memory-mapped I/ O load 
and store operations are performed. 

[0044] The resource-information block (RIB) is the oper 
and of the MODIFY ADAPTER RESOURCE instruction, 
Which may be utiliZed to alter certain controls associated 
With a given adapter resource 16. Resource controls, 
resource-oWnership information, and access rights to 
adapter-storage areas 18 associated With a resource 16 may 
also be readily reset using a FREE ADAPTER RESOURCE 
instruction. 

[0045] The folloWing information is associated With an 
adapter resource 16 and stored in a resource-information 
block (RIB). Table 1 depicts an illustrative resource infor 
mation block (RIB): 

TABLE 1 

Resource-Information Block (RIB). 

Bytes 0-7 PSC | RESERVED PT 
Bytes 8-15 PN | RESERVED | PID 

16 32 4s 56 63 

[0046] In an exemplary embodiment, the RIB is a 16-byte 
Word, Which includes resource controls and resource-oWn 
ership information, including access rights to adapter-stor 
age areas. Referring to the table: 

[0047] Problem-State Controls (PSC): This ?eld speci?es 
Whether the corresponding adapter-storage-area type can be 
accessed in the problem state. In an exemplary embodiment, 
a one byte ?eld is employed With a 4 bit code utiliZed, Where 
a code of 1 indicates Real, Privileged, Error, and User 
storage areas may be accessed in a problem state; a code of 
2 indicates only Privileged, Error, and User storage areas 
may be accessed in a problem state; a code of 3 indicates 
only Error, and User storage areas may be accessed in a 
problem state; a code of 4 indicates only User storage areas 
may be accessed in a problem state; a code of 5 indicates no 
storage areas may be accessed in a problem state; and all 
other codes are reserved. PSC is con?gured in a hierarchical 
expression/de?nition since protection schemes are arranged 
as a series of containment relationships Where the innermost 
container is the most restricted and the outermost is the least 
restricted. 

[0048] PID Type (PT): The PID type speci?es the type of 
process identi?er associated With the resource 16. The 
PID-type value is used to obtain the process identi?er When 
a memory-mapped I/O load or store operation is performed 
in the problem state. 

[0049] Partition Number (PN): The partition number iden 
ti?es a logical partition When the machine is operating in a 
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logical partition (LPAR) mode. The partition number is 
employed to ensure coordination betWeen a process and its 
allocated resource. Because a process operates Within a 
logical partition, the machine’s designation used to deter 
mine a particular logical partition also serves as a compo 
nent involved in the identi?cation of an allocated resource 
16. In other Words, during the allocation process, the 
resource 16 is “tagged” With the PN so that subsequent 
access attempts can verify that the resource 16 is indeed 
oWned by the accessing logical partition. This level of 
granularity of oWnership is the loWest level (given that the 
particular adapter has been also determined to be oWned or 
shared by the logical partition). This value is established 
during initial micro-code load (IML) (e.g., an initialiZation) 
and is bound to a customer-named logical partition. (See 
also Relocation Zone RZONE). 

[0050] Process Identi?er (PID): The process identi?er 
identi?es an OS process and is used along With the partition 
number to verify access rights to any of the adapter-storage 
areas 18 allocated to an adapter resource 16. The PID may 
be considered to be a further re?nement or subdivision of 
oWnership, above that of the partition number. In other 
Words, the PN is a ?rst-level of subdividing all resources 16 
of a given adapter 12. Therefore, a PID can be considered to 
be a second level or further subdivision. It Would further be 
appreciated, that When a guest-2 scenario is the case, the 
guest-oWner ID (GOID) is a similar subdividing factor that 
lies betWeen PN and PID. This provides a three-tier breakout 
to apply and enforce resource 16 oWnership. 

[0051] Allocate Adapter Resource 

[0052] The ALLOCAT E ADAPTER RESOURCE 
(ALAR) instruction of an exemplary embodiment allocates 
one or more resources 16 of a speci?ed type in a designated 
MMIO adapter 12 and sets controls and access rights 
associated With the allocated resources 16. The ALAR 
instruction registers a resource 16 to an oWner, that is, a 
particular process Within an operating system (OS) image, 
and gives its oWner access to the resource storage areas 18. 
It Will be appreciated that While a given resource 16 may be 
allocated to a particular process (oWner), hoWever, access to 
some storage-area types 18 of a resource 16 may or may not 
be permitted as a function of privilege of the process/oWner. 
A resource 16 needs to be allocated before a load or store 
operation to the adapter’s address space 18 can be utiliZed. 
HoWever, it Will be appreciated that adapter scoped facilities 
may exist that do not require allocation in order to permit 
access to the adapter storage space. In selected instances, for 
example, With specially authoriZed logical partitions or 
programs, load/store to an adapter address space may pre 
cede allocation. For example, there are adapter-common 
storage areas involved With initialiZation and management 
of the adapter itself. The access rights and oWnership 
information set up for an adapter resource 16, When it is 
allocated, are later used during load and store operations to 
the adapter address space 18, to validate access to the 
different storage areas assigned to the resource 16. 

[0053] In an exemplary embodiment, the folloWing inputs 
are speci?ed to allocate an adapter resource 16: an adapter 
type (AT) and an adapter identi?er (AID) that, taken 
together, designate a particular memory-mapped I/O 
adapter; the type of resource 16 (RT) that needs to be 
allocated; the number of resources 16 to be allocated; the 
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process-identi?er type (PT) and process identi?er (PID) that 
Will be associated With the allocated resources 16, and the 
problem-state controls associated With each of the storage 
area 18 types assigned to the allocated resources 16. It Will 
be appreciated that While in an exemplary embodiment, the 
preceding parameters have been enumerated for operation of 
the ALAR instruction, the listing is illustrative and not 
intended to be exhaustive; other parameters may readily be 
envisioned and employed. The ALAR instruction returns the 
resource identi?ers (RID) of the allocated resource(s) 16 and 
a count of allocated resources 16; that is, the number of 
resource identi?ers returned (for the allocated resource type 

RT). 
[0054] In addition, it Will be appreciated that in another 
exemplary embodiment, the logistics of handling, balancing 
and optimiZing situations Where a resource 16 is allocated 
(or at least the allocation is requested With an ALAR 
instruction) and the result returned does not match that 
Which Was requested are considered. For instance, in one 
embodiment, addressing the limitations When a reduced 
number of resources is returned, or dividing all available 
resources betWeen logical partitions and allocations to par 
ticular processes. One approach to addressing such parti 
tioning is to equally divide resources among logical parti 
tions. Whatever the particular algorithm established for 
apportionment of resources 16, an underlying policy may be 
provided by the machine such that the distribution of 
resources 16 and adapters 12 is managed according to 
customer-determined requirements. 

[0055] The process-identi?er type (PT), process identi?er 
(PID), and problem-state controls associated With the allo 
cated resources 16 are set to the speci?ed values. The 
partition number associated With the allocated resource 16 is 
set to the partition number of the issuing logical partition. 
The guest-oWner ID (GOID) of the issuing program/process, 
When applicable (e.g., the issuer is a second-level guest, also 
knoWn as a guest-2), is used to further distinguish oWnership 
of the resource 16. In addition to registering access rights 
and oWnership information associated With the resource in 
machine storage, resource controls located in registers 
Within the adapter 12 are initialiZed as Well. Resource 
controls and initialiZation values are determined by the 
adapter 12 type and resource type. 

[0056] Free Adapter Resource 

[0057] The FREE ADAPTER RESOURCE instruction of an exemplary embodiment frees a previously 

allocated resource(s) 16 and makes it/them available for 
allocation to any other process and OS image that has 
accessibility to the adapter. The controls and access rights 
associated With the freed resource(s) 16 are re-set to initial 
values, Zeros in most but not necessarily all cases. This 
includes all the information stored in a resource-information 
block (RIB) When a STORE ADAPTER RESOURCE 
(STAR) instruction is executed. The number of resources 16 
actually freed is returned. Once a resource 16 is freed, load 
and store operations to access adapter storage areas assigned 
to the resource 16 cannot be successfully completed. 

[0058] In an exemplary embodiment, the folloWing inputs 
are speci?ed to free an adapter resource 16: an adapter type 
(AT) and adapter identi?er (AID) that designate a particular 
memory-mapped I/O adapter, the type of resource (RT) that 
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needs to be freed, and the number of resources 16 to be 
freed. The selection of resources to be freed is dictated by a 
resource selector (RS). 

[0059] In an exemplary embodiment, When adapter-ID 
selection is speci?ed via the resource selector (RS), all or 
some of the resources 16 of the speci?ed type that are in the 
con?guration and are allocated in the designated adapter 12, 
are freed. When RID selection is speci?ed by the resource 
selector (RS), a number of resources 12 of the speci?ed type 
that are in the con?guration and are allocated in the desig 
nated adapter 12, are freed. The number of resources 16 to 
be freed and the identi?ers of the resources 16 to be freed are 
provided as inputs. When PID selection is speci?ed by the 
resource selector (RS), the resources 16 allocated in the 
designated adapter 12 that are associated With the process 
identi?er PID are freed. The FAR instruction returns a count 
of freed resources 16; that is, the number of resources 16 
returned (for the speci?ed resource type RT). 

[0060] In addition to resetting access rights and oWnership 
information associated With the resource 16 in machine 
storage, resource controls located in registers Within the 
adapter address space 14 are reset as Well as part of the free 
operation. Resource controls and reset values are determined 
by the adapter type (AT). 

[0061] It Will be appreciated that operations to free an 
allocated resource 16 should be serialiZed With respect to 
STORE MEMORY-MAPPED I/O (STIO) instructions 
accessing that resource 16 to avoid access When a resource 
16 is in some unde?ned, intermediate state. In addition, a 
resource 16 currently engaged in a LOAD MEMORY 
MAPPED I/O or a STORE MEMORY-MAPPED I/O opera 
tion should not be freed until the I/O operation completes. 
That is, resource validations and the associated memory 
mapped I/O resource access performed as part of memory 
mapped I/O load and store operations need to be atomic 
relative to operations to free an allocated resource 16. In 
other Words, the MMIO load and store operations need to be 
completed before other functions may be initiated. 

[0062] Modify Adapter Resource 

[0063] The MODIFY ADAPTER RESOURCE (MAR) 
instruction of an exemplary embodiment facilitates changes 
to the access rights and controls associated With a speci?ed 
resource 16. The resource 16 is designated by an adapter 
type (AT); adapter identi?er (AID); resource type (RT); and 
resource identi?er (RID). The information associated With 
the resource 16 is provided in a resource-information block 
(RIB). Only the contents of the problem-state controls, RID 
type, and RID are changed. The designated adapter 12 is not 
accessed. 

[0064] Store Adapter Resource 

[0065] The STORE ADAPTER RESOURCE (STAR) 
instruction of an exemplary embodiment, stores access 
rights and controls associated With the speci?ed adapter 
resource 16 in the speci?ed resource information block 
(RIB). The resource 16 is designated by an adapter type 
(AT); adapter identi?er (AID); resource type (RT); and 
resource identi?er (RID). Once again, the designated adapter 
12 is not accessed. 

[0066] The main reason for including a capability to store 
and then modify an adapter resource 16 is (1) to alter the 
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start interpretive execution controls (e.g., SIEC, RZONE), 
(2) to permit a hypervisor or OS to re-assign the resource 16 
Without having to entirely free it and then reallocate (PT, 
PID), or (3) to alloW for a change in the problem-state 
controls (PSC). 

[0067] 
[0068] In an exemplary embodiment a MMIO address 
space 14 is accessible only through the LOAD MEMORY 
MAPPED I/O (LIO) and STORE MEMORY-MAPPED I/O 
(STIO) instructions. The LOAD MEMORY-MAPPED I/O 
operation loads data from the speci?ed adapter-storage 
location 22. The STORE MEMORY MAPPED I/O opera 
tion stores data in the speci?ed adapter-storage location 22. 
The type of MMIO adapter 12 being accessed is speci?ed by 
the instruction. 

[0069] As described earlier, the LOAD MEMORY 
MAPPED I/O (LIO) and STORE MEMORY-MAPPED I/O 
(STIO) instructions are de?ned to alloW supervisor code and 
problem state code controlled access to the various storage 
area 18 types associated With a resource 16. Access to 
speci?c controls in the MMIO adapter 12 is provided after 
validating resource allocation (e.g., “oWnership” and access 
rights) to the speci?ed adapter-storage area 18. 

[0070] In an exemplary embodiment, checking to validate 
resource oWnership is performed, Which is established 
through the logical partition number PN/RZONE, guest/ 
oWner identi?cation GOID, process type PT, and process 
identi?er PID associated With the speci?ed resource 16. 
Problem-state control checking is performed to validate 
access rights to the speci?ed storage area 18 speci?ed via the 
problem-state controls associated With a resource 16 for 
each storage-area 18 type. 

[0071] In an exemplary embodiment, a storage location 22 
in the MMIO adapter address space 14 is speci?ed by a 
resource-address designation For example, in one 
implementation, a RAD is con?gured as 8 bytes long and is 
comprised of the resource type (RT), adapter identi?er 
(AID), resource identi?er (RID), storage-area type (SAT), 
and storage-area offset (SAO). The RAD is used to identify 
the storage location 22 in the MMIO adapter address space 
14 that contains the data associated With the speci?ed 
adapter resource 16. In an exemplary embodiment, the 
resource-address designation (RAD) exhibits the folloWing 
format, individual ?eld siZes may vary according to the 
desired magnitude or scale of a particular dimension: 

I/O Operations in Z/Architecture 

TABLE 2 

Resource-Address Designation (RAD). 

Adapter ID | RT | RID | SAT | SAO | 
16 24 48 52 63 

[0072] Where: 
[0073] Adapter type Determines a particular 

class of adapter 12 from the possible population of 
adapters 12. It should be noted that the adapter type 
is not part of a RAD but instead is speci?ed else 
Where in the issuing MMIO instruction. This permits 
the RAD to be treated as another form of 64-bit 
address in one illustrative embodiment. 
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[0074] Adapter Identi?er (AID): Bit positions 0-15 of 
the RAD contain a 16-bit unsigned binary integer 
that is used in conjunction With the adapter type to 
designate an MMIO adapter 12. 

[0075] Resource Type (RT): Determines a particular 
class of resource 16 from the possible set of 
resources 16 of an adapter 12. For example, bit 
positions 16-23 of the RAD specify a resource type. 
Valid values and their meanings depend on the 
speci?ed adapter type. 

[0076] Resource Identi?er (RID): Determines a par 
ticular resource 16 from a given resource type. For 
example, bit positions 24-47 of the RAD contain a 
24-bit unsigned binary integer that identi?es an 
adapter resource 16. This value is returned by an 
ALLOCATE ADAPTER RESOURCE instruction. 

[0077] Storage-Area Type (SAT): Determines a par 
ticular class of resource storage from the possible 
set. For example, bit positions 48-51 of the RAD 
contain a 4-bit unsigned binary integer that speci?es 
an adapter-storage-area 18 type. The SAT value must 
correspond to a de?ned adapter-storage area 18 for 
the designated resource type. 

[0078] Storage-Area Offset (SAO): Determines the 
byte offset Within a given storage-area 18 type. For 
example, bit positions 52-63 of the RAD specify the 
location of the data Within the speci?ed adapter 
storage area 18. 

[0079] In an implementation of an exemplary embodi 
ment, to verify that a program is authoriZed to access the 
adapter-storage location 22 designated by the speci?ed 
resource-address designation (RAD), access-right checks 
are performed in tWo Ways: token-match and problem-state 
control checking. Token-match checking is performed as 
folloWs. 

[0080] When a CPU 30 is in the supervisor state, a PID is 
speci?ed as input and compared With the value of the PID 
associated With the designated resource 16. If the values do 
not match, the operation fails and access is not permitted. In 
other Words, veri?cation is employed to ensure that the 
process that requests access to a resource 16, is actually the 
process to Which a given resource 16 has been allocated. 

[0081] When a CPU 30 is in the problem state, the PID 
type associated With the designated resource 16 is used by 
the machine to locate a PID in a selected real-storage 
location, and then the selected PID is compared to the PID 
associated With the designated resource 16. If there is a 
mismatch, access is not permitted. If token-match checking 
completes successfully and a CPU 30 is in the problem state, 
problem-state control checking is performed as folloWs: 
problem-state controls associated With the designated 
resource 16 are queried, if the problem-state control for the 
speci?ed adapter-storage-area 18 type is Zero, a privileged 
operation exception is recogniZed. If the control is one, 
access is permitted. 

[0082] In an exemplary embodiment, MMIO store opera 
tions are governed by a synchroniZation control speci?ed as 
an input of the STIO instruction. When the synchroniZation 
control is Zero, the speci?ed data is queued for store in the 
adapter 12 before the instruction completes. The store is not 
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necessarily completed; that is, the data is not necessarily 
placed in the designated adapter-storage location 22 before 
the instruction completes. When the synchronization control 
is one, the speci?ed data is placed in the designated adapter 
storage location 22, before the instruction completes. That 
is, stores to the designated adapter-storage location 22 are 
necessarily completed before the instruction completes. It 
Will be appreciated that in ZSeries® main-memory rules, 
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[0084] Adapter Resource Table and Access Tables 

[0085] In an exemplary embodiment, the resources 16 
supported by the adapter 12 are de?ned in an adapter 
resource table (ART) associated With the adapter 12. For 
illustration, an adapter-resource table is designated by an 
adapter type (AT) and adapter identi?er (AID). An adapter 
resource table entry may contain, but not be limited to, the 
folloWing information: 

TABLE 3 

Adapter Resource-Table Entry. 

Bytes 
0-7 ASAB PRC Maximum Resource Count 

8-15 SAC Reserved Special MRWPTE Reserved 
Count 

16-23 Reserved Last Allocated Resource Reserved Resource Identifier Limit 
Identifier 

24-31 Access-Table Address (ATA) Reserved 

32-39 Storage-Area-O Address (SAOA) Reserved 

40-47 Storage-Area-l Address (SAlA) Reserved 

p-q Storage-Area-N Address (SANA) Reserved 

Bits O 8 1 6 32 4O 52 63 

stores are alWays considered to be synchronous. HoWever, 
introduction of an adapter address space 14 as an alternate 
addressable space, facilitates the de?nition of neW con 
straints on store function processing. Advantageously, an 
exemplary embodiment facilitates asynchronous processing 
for a store instruction, Which among others enhances per 
formance by permitting the CPU to move to another instruc 
tion prior to the completion of a store. For example, a 
sequence of STIO instructions are processed in a ?rst in ?rst 
out (FIFO) fashion, and may be quickly requested such that 
an adapter’s input FIFO queues the requests for completion, 
and thereby frees the program to be more productive. At 
some point, an LIO or other action is completed, Which Will 
ensure that the prior stores have completed and thereby 
providing synchroniZation betWeen the adapter 12 and the 
program. 

[0083] In an exemplary embodiment, the execution of the 
LOAD MEMORY-MAPPED I/O instruction results in the 
performance of a serialiZation function With respect to main 
storage after the LIO instruction is executed to ensure that all 
conceptually subsequent fetches from main-storage loca 
tions associated With the designated resource 16 obtain 
contents at least as recent as the adapter data obtained by this 
instruction. Similarly, the execution of the STORE 
MEMORY-MAPPED I/O instruction results in performance 
of a serialiZation function With respect to main storage 
before the instruction is executed to ensure that all concep 
tually previous storage accesses to main-storage locations 
associated With the designated resource 16, are completed 
before this instruction. Similarly, as stated earlier, execution 
of a LOAD MEMORY-MAPPED I/O (LIO) instruction 
and/or a STORE MEMORY-MAPPED I/O (STIO) instruc 
tion should be serialiZed With respect to FREE ADAPTER 
RESOURCE instructions freeing a resource 16 
affected by the MMIO load or store operation. 

[0086] Each adapter-resource-table entry (ARTE) is asso 
ciated With a resource type (RT). In an exemplary embodi 
ment, the ?rst ARTE corresponds to resource type 0, the 
second ARTE corresponds to resource type 1, and so on. The 
?elds in the adapter resource-table entry (ARTE) may be 
allocated as folloWs: 

[0087] Assigned-Storage-Area Bits (ASAB): Bits 
0-N of bytes 0 and 1 of the ARTE, With N being the 
value of the storage-area count minus one, corre 
spond to each of the adapter-storage area types 18 
de?ned for the speci?ed adapter type. When an 
ASAB bit is Zero, the corresponding adapter-storage 
area type is not assigned to the speci?ed resource 16 
and the contents of the associated storage-area-ad 
dress ?eld in the ARTE are not valid. When an ASAB 
bit is one, the corresponding adapter-storage-area 
type (SAT) is assigned to the speci?ed resource 16 
and the contents of the associated storage-area-ad 
dress ?eld in the adapter-resource-table entry are 
valid. A doubleWord in the range 4-19 is used to 
establish an adapter address-space base address for 
the respective adapter-storage-area type or is 
ignored. The ?nal set of unused doubleWords may be 
truncated from the ARTE. 

[0088] Pre-allocated Resource Count (PRC): Speci 
?es the count of resources of the speci?ed resource 
type that are pre-allocated by the machine and not 
available to a program. In an exemplary embodiment 
Bytes 2 and 3 of the ARTE contain a 16-bit unsigned 
binary integer that speci?es the number of resources 
16 of the speci?ed type that are pre-allocated in the 
corresponding access table When the access table is 
created. Pre-allocated resources 16 are de?ned as 

reserved in hardWare for internal CPU 30 use. They 
cannot be accessed by programs. 
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[0089] Maximum Resource Count (MRC): Bytes 4-7 
of the ARTE contain a 32-bit unsigned binary integer 
that speci?es the maximum number of resources 16 
of the speci?ed type that can be allocated in the 
adapter. The MRC value multiplied by the access 
table-entry siZe in bytes is the siZe in bytes of the 
access table for the corresponding resource type 

(RT). 
[0090] Storage-Area Count (SAC): Speci?es the 
maximum number of adapter-storage-area types 18 
associated With the corresponding resource type. In 
an exemplary embodiment, Byte 8 of the ARTE 
contains an 8-bit unsigned binary integer that speci 
?es the maximum number of adapter-storage-area 
types 18 supported by the corresponding resource 
type (RT). For every adapter-storage-area type 18 
supported, there is a storage-area-address ?eld in the 
adapter-resource-table entry. Valid values depend on 
the adapter type (AT) and resource type (RT). It 
should also be noted that SAC=number of bits set to 
one in ASAB. 

[0091] Special MRWPTE Count (SMC): When the 
ART represents an adapter type Whose type code is 
00 hex (Host Channel Adapter), this ?eld speci?es 
the number of special MRWPTEs in the ARTE for 
resource-type 04 hex (MRWPTE), otherWise the 
?eld is reserved. 

[0092] Last-Allocated-Resource Identi?er (LARID): 
Speci?es the resource identi?er of the most-recently 
allocated resource 16 of the resource type. In an 
exemplary embodiment, bytes 17-19 of the ARTE 
contain the 24-bit resource identi?er of the last 
resource of the speci?ed type allocated by an ALLO 
CATE ADAPTER RESOURCE instruction. 

[0093] Resource-Identi?er Limit (RIL): Bytes 21-23 
of the ARTE contain a model-dependent 24-bit 
resource identi?er Which is the starting value of a 
range of virtual resource identi?ers. In other Words, 
speci?es the maximum resource ID possible for an 
allocable resource 16 of a resource type When allo 
cated by the machine. The RIL value informs the 
program of the range of RID values that are not 
recogniZed by the adapter 12. The de?nition of 
interpretive execution includes the recogniZing of an 
interception Whenever an MMIO instruction that 
speci?es a RID has a value in the unrecogniZed 
range. Thus, the host program receives control back 
from the guest due to such an interception of the 
guest. The host program may noW emulate the 
resource if that type of support is provided. When 
such emulation is provided, it may Well be that no 
actual access of any adapter is performed. For 
example, a host program could provide a means of 
guest-to-guest inter-process communication by pro 
viding virtual resources to any/all of its guests With 
out involving any adapter hardWare. 

[0094] Access-Table Address (ATA): With tWelve 
Zero bits appended on the right, speci?es the 64-bit 
block address of the access table for the resource 
type. An access table consists of a sequence of 
access-table entries Where an entry is determined by 
a resource ID (RID). In an exemplary embodiment, 
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bits 0-51 of bytes 24-31 With 12 Zeros appended on 
the right form the 64-bit absolute address in machine 
storage (also knoWn as hardWare system area, HSA) 
of the access table for the speci?ed resource type 
(RT). The address is designated on a 4K-byte bound 
ary. 

[0095] Storage-Area-i Address (SAiA): Bits 0-51 of 
the doubleWords from bytes 32-39 through bytes p-q 
of the ARTE, With 12 Zeros appended on the right of 
each, form 64-bit addresses that designate the loca 
tions in the adapter address space 14 of the storage 
areas 18 associated With the speci?ed resource type 
(RT), Where i represents each of the adapter-storage 
area 18 types. For example, in an exemplary embodi 
ment, the folloWing adapter-storage-area types 18 
are de?ned for the eServer In?niBand host-channel 
adapter 12: 

[0096] Storage Area 0: Super-Privileged-Storage 
Area (SPSA); 

[0097] Storage Area 1: Real-Storage Area (RSA); 

[0098] Storage Area 2: Privileged-Storage Area 
(PSA); and 

[0099] Storage Area 3: User-Storage Area (USA). 

[0100] In an exemplary embodiment, an access table 
de?nes the access rights to storage areas 18 in the adapter 
address space 14 assigned to a resource 16. The access table 
is resource type speci?c and is designated by an adapter type 
(AT) and adapter identi?er Access tables are built at 
initial microcode load (IML, e.g., initialization) time from 
information stored in the adapter-resource table. In an exem 
plary embodiment one access table is established for every 
resource type (RT) de?ned in the adapter 12. Each entry in 
the access table is indexed by the resource identi?er (RID). 
An entry fetched from the access table contains an internal 
representation of a resource-information block (RIB). 

[0101] Table 4 illustrates the access-table entry (ATE). 
This collection of data is sometimes referenced as the 
resource information or resource-information block. 

TABLE 4 

Access Table Entry for Resource Type (Indexed by RID). 

Psc| Reserved | SIEC RA | RES |M|P|v| PT 
RZONE | GOID PID 

16 32 4s 53 56 63 

[0102] Where: 

[0103] Problem-State Controls (PSC): Speci?es per 
missions for a problem-state program to access stor 
age-area types of the resource 16 represented by the 
ATE. Avalue in the range 0-15 speci?es a privilege 
level and includes all loWer privilege levels 

[0104] SIE Controls (SIEC): Speci?es interception 
controls. Each bit corresponds to a storage-area type. 
When a bit is one, access to the corresponding 
storage-area type is permitted; When Zero, intercep 
tion is recogniZed. 
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[0105] Resource Attributes (RA): Speci?es special 
resource characteristics according to the resource 
type. 

[0106] Path Migration Bit (M): When one, indicates 
that path migration is in progress for the queue pair 
(QP) When the resource type is a QP. 

[0107] Pre-allocated Bit (P): When one, indicates that 
the resource 16 is allocated by the machine; When 
Zero, indicates that the resource 16 is available to be 
allocated by a program. 

[0108] Valid Bit (V): When one, indicates that the 
resource 16 has been allocated by a program; When 
Zero, indicates that the resource 16 is available to be 
allocated by a program. 

[0109] Process-ID Type (PT): Speci?es a type code 
in the range 0-255 Where each code corresponds to a 
de?ned, real address. Each address is speci?c to an 
operating system and is used to determine the iden 
ti?er of a process Within the operating system. 

[0110] Relocation Zone (RZONE): Speci?es a value 
in the range 0-255 that determines the relocation 
Zone to Which the resource 16 is allocated. An 
adapter 12 uses the relocation Zone to specify a Zone 
origin and Zone limit pair of system storage 
addresses. (See also Partition Number PN) 

[0111] Guest-Owner ID (GOID): Speci?es a 24-bit 
identi?er that provides more granular oWnership of 
the resource 16. Each relocation Zone contains a 

complete set of 224-1 guest-oWner IDs. 

[0112] Process ID (PID): Speci?es a 32-bit identi?er 
that provides even more-granular oWnership of the 
resource 16. Each GOID contains a complete set of 
232-1 process IDs. 

[0113] Turning noW to FIG. 2A-2C and FIG. 3 as Well, an 
eXemplary illustration of resource address translation is 
depicted. Resource-address translation is a process by Which 
a resource-address designation (RAD) is decomposed such 
that the address space of a memory-mapped adapter 12 can 
be accessed. 

[0114] When a LOAD MEMORY MAPPED I/O or a 
STORE MEMORY MAPPED I/O instruction is eXecuted, 
the resource-address designation (RAD) is used to identify 
the storage location in an MMIO adapter address space that 
contains the data associated With the speci?ed adapter 
resource 16. The adapter type (AT) speci?ed in the instruc 
tion and the adapter identi?er (AID) in the RAD, are used to 
locate the adapter-resource table The resource type 
(RT) is then used as an indeX into the adapter-resource table 
(ART) to obtain the adapter-resource-table entry (ARTE) for 
the selected resource 16. 

[0115] The adapter-resource-table entry (ARTE) for the 
resource contains information for location of the access table 
for the selected resource 16. For eXample, in one embodi 
ment the adapter-resource-table entry (ARTE) for the 
resource contains an address location for the access table. It 
also contains the location in the adapter address space 14 of 
the adapter-storage areas 18 assigned to the resource 16. For 
eXample, in an eXemplary embodiment, the base addresses 
and address space assigned as user-storage area, privileged 
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storage area, real-storage area, and super-privileged-storage 
area are illustrated. The resource identi?er (RID) is used as 
an indeX into the resource access table to get the correspond 
ing access-table entry. The access-table entry corresponding 
to the allocated resource 16, contains access rights to the 
adapter-storage areas 18 assigned to the resource, as Well as 
a token, Which is used to verify the rights to perform load 
and store operations to these adapter-storage areas 18. 

[0116] FIGS. 2A-2C and 3 illustrate the resource address 
translation process of an exemplary embodiment for the 
eServer In?niBandTM host-channel adapter 12. For the 
eXample, the folloWing values are employed: 

[0117] AT=0, The adapter type is an eServer In?ni 
Band Host-Channel Adapter (HCA), 

[0118] AID=0. The HCA adapter ID is Zero. 

[0119] RT=2. The resource type is a completion 
queue (CO). 

[0120] RID=2. The resource ID of the CO is tWo. 

[0121] SAT=2. The storage-area type is the privi 
leged storage area. 

[0122] SAO=8. The storage-area offset is eight. 

[0123] Thus, for the eXample, the RAD Would take the 
value 0000 02 000002 2 008 heX. 

[0124] Turning noW to FIG. 2A, the Adapter Resource 
table may readily be located based on the adapter type and 
Adapter identi?er In the example, an adapter type 00 
and AID of 0000 are depicted. Turning to FIG. 2B, the 
ARTE for a given resource 16 is indeXed by the resource 
type (RT) to locate the entry for the resource 16, in this 
instance resource type (RT) 02 corresponding to a comple 
tion queue (CO). For the eXample, it Will be appreciated that 
the resource type (RT) and resource identi?er (RID) may 
readily be acquired from the resource address designation 
(RAD). At FIG. 2C it may be observed that the ARTE 
includes the access table address (at double Word 3) as Well 
as a variety of base addresses corresponding the various 
storage area 18 types (SAT) e.g., double Words 4-19) In the 
eXample, and as stated earlier, 4 storage area types are 
employed, hoWever, in the FIG. 16 are depicted. 

[0125] Turning noW to FIG. 3 as Well, in order to locate 
a 4 KB privileged-storage area 18 that corresponds to the 
allocated completion queue (CO), the resource identi?er 
(RID=2) in this instance, is multiplied by 4K and added to 
the privileged storage area base address found in the adapter 
resource table entry for the completion queue. In the 
eXample as depicted in the ?gure, the RID=2, multiplied by 
4K yields 02000. The resultant 02000 is added to the PSAA 
of 3A000 to yield 3C000. The storage area offset, in this 
instance 008, is then added to the resultant, 3C000 yielding 
3C008 Which is used to locate the data Within the privileged 
storage area assigned to the completion queue. 

[0126] Additional information in the eXample includes the 
folloWing facts and observations to facilitate appreciation of 
the eXemplary embodiments: 

[0127] CQs 0,1, and 2 are valid. CO0 and CO1 are 
preallocated by the machine. 

[0128] SIE controls are set to intercept on storage 
area type (SAT) for references to real- and error 
adapter-storage-area types. 
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[0129] The PID type (PT) for CO2 is one. This means 
that the PID of a problem-state program issuing LIO 
and STIO Would be at a selected address Whose 
selection is a function of a particular operating 
system, due to the PT having been speci?ed When the 
CO Was allocated. In an exemplary embodiment, and 
the example herein, for Z/OS, the location 224 hex is 
employed. Thus, in reference to FIG. 4, the oWning 
application has a PID value of FFOO hex that is 
veri?ed during execution of LIO and STIO by com 
paring the PID value in the access-table entry vs. the 
value in real location 224 hex of the issuer. 

[0130] The guest-oWner ID (GOID) for CO2 is 012 
hex. Therefore, a guest issuing LIO and STIO 
against CO2 is veri?ed as the oWner of CO2 by 
comparing the GOID value (012 hex) in the access 
table entry With the GOID ?eld in the SIE state 
description of the issuing guest. 

[0131] MMIO VirtualiZation in Z/Architecture 

[0132] In yet another exemplary embodiment, memory 
mapped I/O virtualiZation in the Z/Architecture® is achieved 
through adapter virtualiZation and softWare emulation of 
adapter resources 16. The virtualiZation is achieved by the 
addition of controls by Which interpretive execution of a 
program can provide direct LIO/STIO access to an adapter, 
Whether real or emulated. It Will be appreciated that the 
exemplary embodiments described herein are illustrated 
employing references to ZVM® and the Z/Architecture® for 
simplicity and clarity. It should be appreciated that the 
disclosed embodiments may readily be applied to other 
architectures and virtual machine con?gurations. In addition 
to the parameters discussed earlier in the previously men 
tioned exemplary embodiments, additional parameters are 
provided to the CPU by a host program that starts a guest 
program. The additional parameters used for interpretive 
execution are not visible to the guest program nor are they 
present in the resource-address designation Instead, 
they are established in each resource 16 during the allocation 
process. During interpretive execution, these parameters are 
implicitly available and inform the CPU 30 hoW to contain 
and navigate access to each resource 16 When LIO and STIO 
are issued by the guest program. The parameters involved 
With interpretive execution are identi?ed and explained 
herein With reference to Table 5. 

[0133] To further facilitate understanding, a brief over 
vieW of interpretive operation is provided. All instructions 
are designed to operate interpretively at a guest-1 level in a 
given logical partition. The LPAR hypervisor (e.g., for the 
Z/Architecture) exhibits minimal involvement once it has 
established the state-description contents for each guest-1 
CPU. HoWever, at guest-2 level, only the LIO and STIO 
instructions are con?gured to operate interpretively. The 
others instructions (ALAR, FAR, MAR, STAR) relinquish 
control to the ZVM® host program that emulates the func 
tion. Because ALAR, FAR, MAR, STAR are infrequent 
setup instructions that are expected to be employed less 
often, it is therefore advantageous to execute them With the 
ZVM® hypervisor rather than in an interpretive-execution 
environment. For LIO and STIO it is advantageous to make 
these instructions operable in problem state Without operat 
ing-system intervention as Well as at guest-2 problem state 
Without ZVM® hypervisor intervention. 
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[0134] Logical partitioning and virtual machines (VM) are 
Widely knoWn techniques that alloW multiple O/S images to 
run on a single machine. In such an environment, CPU and 
I/ O resources are shared among potentially thousands of O/S 
images. When it comes to memory-mapped I/O, it is nec 
essary to 1) alloW sharing of MMIO adapter resources not 
only among logical partitions, but also among the thousands 
of O/S images that may be running on top of the ZVM 
hypervisor in one of the level-2 guest con?gurations, and 2) 
prevent O/S images from accessing resources oWned by 
another image. In order to support large scale sharing of 
adapter resources and provide resource isolation among O/S 
images in a virtualiZed environment, eg ZVM, a mechanism 
to virtualiZe memory-mapped I/O needs to be provided. 

[0135] Memory-mapped I/O virtualiZation can be 
achieved through adapter virtualiZation and softWare emu 
lation of adapter resources. 

[0136] Adapter VirtualiZation 

[0137] In a virtualiZed environment, virtualiZation pro 
vides a direct mapping betWeen a real adapter resource (e. g., 
adapter hardWare) 16 and a host program (e.g., an O/S image 
softWare). In addition, adapter virtualiZation also provides a 
direct mapping betWeen a softWare emulated (virtual) 
resource and a host program. The purpose of adapter virtu 
aliZation is threefold: 1) to enforce adapter-resource (real or 
virtual) allocation policies and access rights, 2) to provide 
memory virtualiZation, and 3) to provide functional emula 
tion of a virtual resource. 

[0138] Allocation Policy Enforcement: Allocation of 
adapter resources 16 among different logical partitions is 
subject to policies that are enforced by either the machine or 
by a host program. Policies for resource allocation among 
OS images Within a single logical partition are enforced by 
the ZVM hypervisor. Resource allocation policies determine 
hoW many resources 16 of each type can be allocated by 
each logical partition and by each O/S image Within a 
partition. 
[0139] Access Rights Enforcement: In a virtualiZed envi 
ronment Where multiple OS images may run on a single 
logical partition on top of the ZVM hypervisor, resource 
oWnership is established not only by the logical partition 
identi?er, but also by a guest/oWner identi?er (GOID). It 
Will be appreciated that the logical partition identi?er no 
longer uniquely identi?es an OS image, therefore, a guest/ 
oWner identi?er (GOID) is also employed to establish 
resource 16 oWnership. This helps prevent an OS image 
from accessing resources 16 it does not oWn. It also helps 
prevent unsolicited communications across OS images. 

[0140] Memory virtualiZation: Since most memory 
mapped I/O channel adapters are a form of direct memory 
access (DMA) engine, an adapter-resource context kept in 
the adapter-address space 14 may contain, among other 
things, the addresses in main storage of the data to be 
transferred to and from the MMIO adapter 12. These are the 
addresses that the MMIO adapter 12 Will place on the 
memory bus of the machine to get to the data and therefore 
must designate What is de?ned in the Z/Architecture as an 
absolute addresses. 

[0141] When a ?xed-storage-mode guest program 
accesses adapter-resource controls that designate absolute 
addresses relative to the relocation Zone of the guest, the 
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operation can proceed Without involvement of the hypervi 
sor. This is so because the adapter 12 has the ability to 
perform a single level of Zone-to-system absolute address 
translation and can therefore translate Zone addresses speci 
?ed by the guest into system absolute addresses. During 
adapter initialiZation (not resource), the adapter 12 is 
informed of the relocation Zone (RZONE) origin and limit 
system addresses that correspond to logical-partition abso 
lute address Zero and the maximum logical-partition abso 
lute address. 

[0142] When a pageable-storage-mode guest program 
accesses adapter-resource controls that designate absolute 
addresses, the operation needs to be processed by the ZVM 
hypervisor. The ZVM hypervisor remaps the guest-absolute 
address into the host-absolute address and places it into the 
MMIO adapter address space 14. Likewise, When the 
adapter resource 16 is intended to be used in association with 
U0 requests specifying absolute addresses, or in association 
With high-performance memory regions, all accesses to the 
adapter resource 16 have to be processed by the ZVM 
hypervisor. This is achieved by providing a one to one 
mapping of softWare resources to physical adapter resources 
16; that is, by allocating a physical resource 16 and enabling 
the resource 16 for ZVM hypervisor processing. 

[0143] SoftWare Emulation of Adapter Resources 

[0144] SoftWare emulation of adapter resources 16 may be 
provided When a single physical resource 16 needs to be 
shared among several OS images or When communication 
needs to be established among resources 16 Within the same 
ZVM hypervisor (betWeen pageable-storage-mode guests). 
In an exemplary embodiment, softWare emulation of an 
adapter resource 16 requires the allocation of a virtual 
resource, that is, one that is not physically present on an 
MMIO adapter 12. For example, in one exemplary embodi 
ment, virtual resources are de?ned by establishing a thresh 
old Within the resource identi?ers space (See RIL as dis 
closed herein). In an exemplary embodiment, resource 
identi?ers above the threshold correspond to virtual 
resources. Resource identi?ers beloW the threshold corre 
spond to physical resources 16. The ZVM hypervisor is 
responsible for managing the allocation of real and/or virtual 
resource identi?ers among its guests. It Will be appreciated 
that a ZVM hypervisor performs and operates similarly to 
the LPAR hypervisor. HoWever, it Will also be appreciated 
that the LPAR hypervisor is con?gured to only handle 
guest-1 processes that handle only real devices, Whereas 
ZVM manages both real (physical) resources 16 and virtual 
resources. 

[0145] Virtual resources are by de?nition enabled for ZVM 
hypervisor processing. A many-to-one mapping may be 
established betWeen virtual resources and a physical adapter 
resource 16. Access to a virtual resource is handled by the 
ZVM hypervisor and may not require access to any physical 
resource(s) 16. 

[0146] In an exemplary embodiment, tWo ?elds are added 
to the resource information block to support adapter virtu 
aliZation. These tWo ?elds are denoted SIE interpretation 
controls (SIEC) and guest/oWner identi?er (GOID). The SIE 
interpretation controls (SIEC) are used to enable ZVM 
hypervisor processing of operations accessing an adapter 
resource 16. These controls alloW ?ne-tuning of ZVM 
hypervisor processing to speci?c storage-area accesses 
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through the setting of individual SIE interpretation control 
bits, and complete enabling of an adapter resource for 
ZVM-hypervisor processing, through the setting of all the 
SIE interpretation control bits. The guest/oWner identi?er 
(GOID) is used for access rights enforcement. The addi 
tional parameters used for interpretive execution are not 
visible in the resource-address designation Instead, 
they are established in each resource during the allocation 
process. During interpretive execution, these parameters 
inform the CPU 30 hoW to contain and navigate access to 
each resource When LIO and STIO are issued by the guest 
program. The parameters involved With interpretive execu 
tion are identi?ed and explained herein With reference to 
Table 5. Table 5 depicts an Access Table Entry for a selected 
resource type (Indexed by Resource ID) 

TABLE 5 

Access Table Entry for Resource Type(Indexed by RID)For Virtualization. 

Psc| Reserved | SIEC RA | RES |M|P|v| PT 
RZONE | GOID PID 

16 32 4s 53 56 63 

[0147] Where 
[0148] SIE-Interpretation Controls (SIEC): When 
MMIO virtualiZation is enabled, the resource-infor 
mation block (RIB) associated With an adapter 
resource 16 contains control bits that specify for a 
pageable-storage-mode guest, Whether load and 
store operations to the corresponding adapter-stor 
age-area type are processed by the ZVM hypervisor. 
The SIEC speci?es a bit mask that corresponds to the 
adapter-storage-area types and establishes Whether 
or not an interception of LIO and STIO may be 
recogniZed When issued by a guest program. Each bit 
position corresponds to an adapter-storage-area type. 
In an exemplary embodiment, When a SIEC bit is 
one, load and store operations to the corresponding 
adapter-storage-area type are not processed by the 
ZVM hypervisor. When a SIEC bit is Zero, load and 
store operations to the corresponding adapter-stor 
age-area type are processed by the ZVM hypervisor. 
A SIE-interpretation-control bit is de?ned for each 
adapter-storage-area type assigned to a particular 
resource type. The number of SIEC bits that are 
de?ned depends on the adapter type (AT) and the 
resource type (RT). 

[0149] Guest/OWner Identi?er (GOID): When 
MMIO virtualiZation is enabled, the resource-infor 
mation block (RIB) associated With an adapter 
resource 16 contains a 24-bit unsigned binary integer 
that identi?es a pageable-storage-mode guest. In an 
exemplary embodiment, the GOID speci?es the 
guest-2 or subdivision Within a logical partition in 
Which a resource 16 is allocated. This provides the 
separation needed at the second level of interpretive 
execution. The GOID is used in conjunction With the 
PID and the partition number as a token to verify 
access rights to the adapter-storage-area types 18 
assigned to a resource 16. 

[0150] Relocation Zone (RZONE): Speci?es the 
logical partition in Which a resource is allocated. The 
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RZONE check performed during execution of LIO 
and STIO ensures that the Walls that separate logical 
partitions are maintained; a program in LPAR A 
cannot access a resource allocated in LPAR B. 

[0151] These parameters are applied during the resource 
allocation process. Guest-2 interception to a host program is 
normally involved since the host program must establish the 
SIEC and GOID controls; the guest-2 has no knowledge of 
them. Guest-1 (aka logical partition) execution proceeds 
interpretively as the RZONE control is available to the CPU 
from its SIE state description. But, as With other con?ne 
ment aspects, the overhead processing occurs only during 
allocation and the associated checking is handled by the 
machine during runtime of LIO and STIO. So, advanta 
geously, in an exemplary embodiment, even for a guest-2 at 
the second level of interpretive execution, the guest-2 appli 
cation’s direct access to the machine to perform the primary 
I/O function has been preserved. In addition, it Will be 
appreciated that the previously mentioned PID-type (PT) is 
noW more meaningful in the interpretive execution context 
since each guest may be running a different operating 
system. 

[0152] In yet another exemplary embodiment, provisions 
are included for the virtualiZation of an error storage-area 
(ESA) for an adapter that is associated With an ESA storage 
area type. Under certain error conditions, the ESA storage 
area of a resource may be fetched by execution of the LIO 
instruction. It may readily be appreciated that the ESA is 
entirely an artifact of virtualiZation or host-program emula 
tion. The intent is to abstract details of adapter failures and 
characteristics into a simpli?ed representation. For example, 
if an adapter 12 can fail in one hundred different Ways but 
the process can only take one of ?ve distinct actions for any 
of those one hundred failures, then having the program 
perform a level of analysis to determine Which of the 5 to 
perform is not useful. NotWithstanding this, the details of the 
failure Would be captured by the machine for the purpose of 
feeding the failure data into the machine maintenance func 
tions. 

[0153] Allocate Adapter Resource 

[0154] The ALLOCATE ADAPTER RESOURCE 
(ALAR) instruction provides mechanisms to enforce 
resource allocation policies and access rights to a particular 
resource 16, as Well as support for memory virtualiZation 
and softWare emulation of virtual resources. In one exem 
plary embodiment, resource allocation policies for real 
adapter resources 16 among different logical partitions are 
enforced by the machine. Resource allocation policies for 
real and virtual resources among O/S images Within a logical 
partition of the machine running ZVM hypervisor are estab 
lished and enforced by the ZVM hypervisor. 

[0155] In an exemplary embodiment, for a real resource 
allocation, the ZVM hypervisor issues (reissues on behalf of 
a guest) the ALAR instruction to the CPU 30 so that the 
adapter 12 may allocate a real resource 16 to the process. As 
described earlier, the real resource id RID and resource 
count are returned. If a virtual resource is to be allocated, 
then the host Wants then, the ZVM hypervisor provides the 
emulation(s) for the virtual resource(s) and returns a RID 
corresponding to a/the virtual resource(s). 

[0156] When the ALLOCATE ADAPTER RESOURCE 
instruction is executed, the number of resources (Whether 
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real or virtual) requested is checked against the number of 
resources of the speci?ed type already allocated to the 
issuing logical partition, and the maximum number of 
resources of the speci?ed type that the particular partition is 
alloWed to access. In addition, if the request comes from a 
pageable storage-mode guest, the ZVM hypervisor ensures 
that the guest only acquires its assigned portion of resources 
from the pool of resources that the ZVM partition is alloWed 
to access. If a virtual (softWare-emulated) resource is allo 
cated, the ZVM hypervisor enforces the resource-allocation 
policies for virtual resources among its guests. 

[0157] When an adapter resource is allocated, a resource 
attributes (RA) input speci?es resource properties that pro 
vide information on the intended use of the resource. These 

resource properties are checked by the ZVM hypervisor to 
determine Whether a virtual or real adapter resource 16 
needs to be allocated. If any of the RA bits is set to one, the 
ZVM hypervisor may allocate a virtual resource. OtherWise, 
the ZVM hypervisor allocates a real resource 16. 

[0158] When MMIO virtualiZation is enabled, the SIE 
interpretation controls (SIEC) and the guest/oWner identi?er 
(GOID) are speci?ed as inputs of the ALLOCAT E 
ADAPTER RESOURCE instruction and the SIEC and 
GOID associated With the allocated resource are set to the 
values speci?ed by the instruction. The GOID is set to 
establish resource oWnership of the resource and distinguish 
betWeen multiple guests in a logical partition. The SIE 
interpretation controls associated With the allocated resource 
are set to specify When LOAD/STORE operations are pro 
cessed by the ZVM hypervisor, based on the storage-area 
type being accessed. 

[0159] Once a resource has been allocated in a virtualiZed 
environment, it can be optionally freed using the FREE 
ADAPTER RESOURCE instruction. In an alterna 
tive embodiment, the MODIFY ADAPTER RESOURCE 
(MAR) and STORE ADAPTER RESOURCE (STAR) 
instructions, as described earlier herein, may be used to 
change certain attributes of the resource. Similar to alloca 
tion, for the FREE ADAPTER RESOURCE instruc 
tion, When an adapter resource is to be freed, or the STORE 
ADAPTER RESOURCE (STAR) and MODIFY ADAPTER 
RESOURCE (MAR) instructions, When an adapter resource 
is to be changed, the ZVM hypervisor is best suited for 
performing the respective functions on behalf of the guest 
that originally issued the instruction. 

[0160] Resource-attributes (RA) input speci?es resource 
properties that provide information on the intended use of 
the resource. Additionally, during allocation, the speci?ed 
resource attributes indicate to the ZVM hypervisor Whether 
a real vs. a virtual resource is appropriate. 

[0161] In addition, once a real resource 16 has been 
allocated, it can be optionally enabled for ZVM-hypervisor 
processing on a storage-area type basis, by modifying the 
SIE-interpretation control associated With a particular stor 
age-area type using the MODIFY ADAPTER RESOURCE 
(MAR) and STORE ADAPTER RESOURCE (STAR) 
instructions as described earlier herein. For MAR and 
STAR, ZVM hypervisor involvement is also necessary to 
ensure that hypervisor control over a resource is not broken 
by guest-only execution. 
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[0162] Disable Memory Region 

[0163] The Disable MEMORY REGION (DMR) instruc 
tion facilitates memory management for a pageable-storage 
mode guest. DMR disables a memory region in said adapter 
such that said memory region may be enabled for another 
process, Wherein said instruction is a privileged instruction 
that is executed in a supervisor state of a machine. 

[0164] DMR is used to provide a clean separation betWeen 
a previous user and the next user by ensuring that all storage 
transfers in/out of the memory region are completed for the 
previous user. This keeps data from moving in/out of process 
A’s storage after the region has been reassigned to process 
B. 

[0165] Load/Store Memory-Mapped I/O 

[0166] In an exemplary embodiment, MMIO virtualiZa 
tion is supported in the LOAD/STORE MEMORY 
MAPPED I/O instructions When executed by a pageable 
storage-mode guest, by: Verifying the type of resource as 
real or virtual by determining Whether the resource desig 
nated by the resource-address designation (RAD) exhibits a 
resource identi?er (RID) that exceeds a selected threshold 
value. If the resource identi?er (RID) exceeds the selected 
threshold value, a virtual resource is recogniZed, execution 
of the issuing guest program is intercepted, and the instruc 
tion is processed by the ZVM hypervisor. 

[0167] Conversely, for a real resource 16, the folloWing 
additional veri?cations are performed to execute the instruc 
tions. The guest/oWner identi?er (GOID) associated With the 
designated resource is compared With that of the pageable 
storage-mode guest. If there is a mismatch, the instruction is 
not successfully completed Whether the CPU is in the 
problem state or the supervisor state. The GOID associated 
With the designated resource must be veri?ed, to prevent 
unauthoriZed access to the information associated With the 
designated resource and avoid covert channels. If there is a 
match, processing proceeds With a PID comparison, and is 
folloWed by problem-state checking, as described in earlier 
embodiments. Finally, if the SIEC bit for the storage-area 
type being accessed is set to Zero, the processing is to be 
performed by the ZVM hypervisor. OtherWise, once resource 
oWnership and access rights are validated, the instruction is 
completed by the CPU 30 operating interpretively. 

[0168] The disclosed invention can be embodied in the 
form of computer, controller, or processor implemented 
processes and apparatuses for practicing those processes. 
The present invention can also be embodied in the form of 
computer program code containing instructions embodied in 
tangible media 32, such as ?oppy diskettes, CD-ROMs, hard 
drives, or any other computer-readable storage medium, 
Wherein, When the computer program code is loaded into 
and executed by a computer, controller 30, or processor, the 
computer, controller, or processor 30 becomes an apparatus 
for practicing the invention. The present invention may also 
be embodied in the form of computer program code as a data 
signal 34, for example, Whether stored in a storage medium, 
loaded into and/or executed by a computer, controller, or 
processor 30, or transmitted over some transmission 
medium, such as over electrical Wiring or cabling, through 
?ber optics, or via electromagnetic radiation, Wherein, When 
the computer program code is loaded into and executed by 
a computer, the computer becomes an apparatus for prac 
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ticing the invention. When implemented on a general 
purpose processor 30, the computer program code segments 
con?gure the processor 30 to create speci?c logic circuits. 

[0169] It Will be appreciated that the use of ?rst and 
second or other similar nomenclature for denoting similar 
items is not intended to specify or imply any particular order 
unless otherWise stated. 

[0170] It should be appreciated that While the exemplary 
embodiments disclosed herein are illustrated by reference to 
Z/OS® operating system ZVM® and C or C++ programming 
languages/compilers, the concepts of the invention(s) dis 
closed herein are applicable to various operating systems 
and applications programming languages Without limitation. 
Similarly, While an exemplary embodiment has been applied 
to dynamic linked libraries, those skilled in the art Will 
recogniZe and appreciate that the invention(s) disclosed 
herein may readily be applicable to other programming 
aspects. 

[0171] While the invention has been described With ref 
erence to an exemplary embodiment, it Will be understood 
by those skilled in the art that various changes may be made 
and equivalents may be substituted for elements thereof 
Without departing from the scope of the invention. In addi 
tion, many modi?cations may be made to adapt a particular 
situation or material to the teachings of the invention With 
out departing from the essential scope thereof. Therefore, it 
is intended that the invention not be limited to the particular 
embodiment disclosed as the best mode contemplated for 
carrying out this invention, but that the invention Will 
include all embodiments falling Within the scope of the 
appended claims. 

1. A method of managing memory mapped input output 
operations to an alternate address space comprising: 

executing a ?rst instruction directed to a ?rst memory 
mapped input output alternate address space of a 
machine associated With a ?rst adapter to allocate a 
resource associated With said ?rst adapter to a process 
in accordance With a de?nition of a Z/Architecture; 

Wherein a selected process issues at least one of a load and 
a store instruction executed in a problem state of said 
machine to a selected address location of a selected 

resource; 

ensuring that said selected resource corresponds With said 
allocated resource; and 

determining that said selected process corresponds With 
said process to Which said resource is allocated. 

2. The method of claim 1 further including a second 
instruction for freeing an allocated resource of an adapter, 
Wherein said second instruction is a privileged instruction 
that is executed in a supervisory state of a machine. 

3. The method of claim 1 further including a third 
instruction for storing a previously allocated resource, 
Wherein said third instruction is a privileged instruction that 
is executed in a supervisor state of a machine. 

4. The method of claim 1 further including a fourth 
instruction for modifying a previously allocated resource, 
Wherein said fourth instruction is a privileged instruction 
that is executed in a supervisor state of a machine. 

5. The method of claim 1 further including disabling a 
memory region in said adapter such that said memory region 
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may be enabled for another process, Wherein said instruction 
is a privileged instruction that is executed in a supervisor 
state of a machine. 

6. The method of claim 1 Wherein at least one of said 
executing, said ensuring, and said determining is performed 
in a supervisory state of said machine. 

7. The method of claim 1 Wherein said selected process 
directly accesses said selected resource of said ?rst adapter 
in said alternate address space. 

8. The method of claim 1 Wherein said ?rst instruction is 
con?gured to prohibit said selected process from modi?ca 
tion of said alternate address space. 

9. The method of claim 1 Wherein said ?rst instruction is 
a privileged instruction that is executed in a supervisory 
state of a machine. 

10. The method of claim 1 Wherein said adapter translates 
main-address-space virtual addresses on Which said adapter 
is operating into main-address-space real addresses Within a 
given logical partition. 

11. The method of claim 1 Wherein said adapter includes 
its oWn memory caching With respect to resource contexts. 

12. The method of claim 11 Wherein said adapter caches 
its required memory contents from main memory of a 
machine. 

13. A storage medium encoded With a machine-readable 
computer program code, said code including instructions for 
causing a computer to implement a method for managing 
memory mapped input output operations to an alternate 
address space, the method comprising: 

executing a ?rst instruction directed to a ?rst memory 
mapped input output alternate address space of a 
machine associated With a ?rst adapter to allocate a 
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resource associated With said ?rst adapter to a process 
in accordance With a de?nition of a Z/Architecture; 

Wherein a selected process issues at least one of a load and 
a store instruction executed in a problem state of said 
machine to a selected address location of a selected 

resource; 

ensuring that said selected resource corresponds With said 
allocated resource; and 

determining that said selected process corresponds With 
said process to Which said resource is allocated. 

14. A system for managing memory mapped input output 
operations to an alternate address space comprising: 

a means for executing a ?rst instruction directed to a ?rst 
memory mapped input output alternate address space of 
a machine associated With a ?rst adapter to allocate a 
resource associated With said ?rst adapter to a process 
in accordance With a de?nition of a Z/Architecture; 

Wherein a selected process issues at least one of a load and 
a store instruction executed in a problem state of said 
machine to a selected address location of a selected 

resource; 

a means for ensuring that said selected resource corre 

sponds With said allocated resource; and 

a means for determining that said selected process corre 
sponds With said process to Which said resource is 
allocated. 


